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BIOLOGICAL STUDIES OF SOME 
CADDIS FLIES (TRICHOPTERA) 
FROM SOUTH EAST 
QUEENSLAND 
Breeding and collecting methods which were used to rear larvae to adults are 
explained. The life histories of Cheumatopsyche modica (McLachlan) and Symphi­
toneuria exigua (McLachlan) are given in some detail; both species have two generations 
a year, with adults of the former emerging in April and October and of the latter in 
September-October and February-March. Laboratory rearing shows five larval 
instars in S. exigua, while field evidence indicates seven larval instars in C. modica. 
Results of experiments involving temperature effects on C. modica, S. exigua, Tri­
plectides volda (Mosely), Triplectides australis (Navas), and Helicopsyche tillyardi 
(Mosely) are discussed and the effect of light on the development of C. modica is 
given. 
The development of larval respiratory organs and the larval habits and distribution 
of C. modica, T. volda, T. australis, H. tillyardi, and Anisocentropus latifascia (Walker) 
are discussed in relation to the environmental conditions of rate of water flow and 
dissolved oxygen concentration. Results of laboratory determinations of the minimum 
oxygen concentrations withstood by the five species of larvae are given and discussed; 
experiments involving the highest velocity withstood by the larvae and the effects of 
oxygen concentration and temperature on the number of abdominal undulations per 
five-minute intervals are also described. 
It was found that caddis fly larvae do not survive if transported from the field 
to the laboratory in small containers of water, but they travel quite successfully in 
damp cloths or containers packed with wet weeds. Some species have survived 
for several days in such containers. 
When larvae were collected for breeding purposes, samples of water were taken 
from the particular habitat and analysed for food organisms present. Several speci­
mens from each collection were killed, and immediately dissected. The alimentary 
canals were removed to a petri dish containing 5 cc. of water and carefully opened 
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with fine needles. The detritus was unravelled and the suspension transferred to a 
test tube and snaken thoroughly to distribute the food items evenly. 0.2 cc. was 
then transferred to a well, formed by a ring on a microscopic slide. Such an exam­
ination was made for the fore-, mid-, and hind-gut of each specimen. Table 7 
records the food organisms found in the gut contents of five species of Trichoptera, 
and the number of individuals in which each type of food organism occurred. 
An attempt to classify these records into phytophagous, omnivorous, and car­
nivorous groups shows that none of the species are entirely carnivorous but three 
are purely phytophagous (Table 8). 
The diatom flora is particularly rich both in species and numbers. 
The larvae were all collected at the same time, in April, 1960, and excepting· 
Helicopsyche tillyardi (Mosely) were collected from Enoggera Creek, Brisbane. 
H. tillyardi was collected from Cedar Creek via Samford. There may not have been 
a uniformity of flora and fauna available as food in the two localities but most 
organisms were present in sufficient quantity to render them available as food. 
In order to breed caddis flies under laboratory conditions small aquaria provided 
with running water and an air bubble were necessary for species from running, well 
aerated water, and flat enamel dishes for species from sluggish water. In the dishes 
and aquaria a layer of sand was placed, as many of the desired food organisms as 
possible, a few algae-covered rocks, and easily grown water weeds such as Azolla 
and Salvinia. Over each dish or aquarium a cotton or wire gauze was secured to 
confine the adults. The water weed was changed periodically as it was quickly 
devoured by herbivorous and omnivorous larvae. 
Trichoptera are strongly attracted to lights, especially to blue neon. The light 
trap was used from April, 1960, to April, 1961, along the Ashgrove, Brisbane, reaches 
of Enoggera Creek. The light, however, was not blue neon, but a globe covered 
with thick blue glass. Such a light does not emit the same rays as those emitted by 
blue neon, but large numbers of adults were caught in the spring. The numbers of 
Cheumatopsyche modica caught over this period in this locality (where the larvae 
are to be found in large numbers on rocks where the water is running swiftly) have 
been recorded. The figures give an indication of the periods when the adults are 
active. These periods are in keeping with the periods of emergence obtained in the 
laboratory. 
1- , No. OF ADULTS COLLECTED 
Other Species 
C. modica (Mainly Family 
%d'd' %'i2'i2 Hydrophilidae) 
MONTH 
I 
April, 1960 . . . . . . . . . . . . . . . . .. . . . . .  ·I 
May . . . . .. . . . .. . . . . .... . . . . .... . . . 
���::::::::::::::::::::::::::::::::[ 
August . . . . .. . . . .. . . . . . .. . . . . . . .. . . .  . 
September ... . . . . . .. . . .  . 
October ........................... . 
'N'ovember . . . . . . 
. . . . . . . . . 
December . . . . . . . . . . . . . . . . . . · · · · · · · · f 
January ........................ . 
February . . . . . . . . . . . . . . . . . .. . . . . 
March . . . .. . . . . . . . . . . . . . . . . . .  . 
April, 1961 . . . . . . . . . . . . . . . . .. . . . . . . .  . 
22 
10 
2 
0 
0 
1 6  
60 
10  
2 
0 
0 
1 2  
21 
41 59 6 
20 80 7 
0 100 6 
0 0 
0 0 
50 50 200 
47 53 1 40 
60 40 20 
0 100 60 
0 0 
0 0 
1 8  82 88 
48 52 96 
Thus at Enoggera Creek adult caddis flies are most active during the spring. 
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In a few cases adults of C. modica which had been bred in aquaria from pupae 
or last instar larvae were successfully mated in a breeding cage and fertile egg masses 
obtained. The metal cage stood 7 inches above a small aquarium, 9! inches x 
6t inches, which was well supplied with rocks and aquatic plants. A pot plant was 
also placed in the aquarium so that the adults had vegetation above the water on which 
to rest. Periodically the cage was removed from the aquarium and the water 
examined for the presence of egg masses which were then removed to smaller 
containers. 
THE LIFE HISTORY OF Cheumatopsyche modica (McLachlan) 
A complete life cycle was not obtained in the laboratory and the information 
given here represents a combination of laboratory and field observations. 
Larval Habitat 
C. modica larvae may be found at any time of the year in any small stream of 
running water which has a stony bottom. The minimum oxygen concentration 
withstood by the larvae has been found to be 9 p.p.m. The larvae are never found 
in still water ponds but will live in aquaria if the water is kept siphoning in and out. 
They prefer fast moving water a nd seek the shallow parts of the stream. 
Larval Habits 
The larvae live on the upper and lower surfaces of submerged rocks, where their 
non-portable shelters are fixed. These retreats are not well defined and consist of 
irregular flat tubes lined with silk and utilizing bits of algae and aquatic plants as a 
covering. They are open at both ends. At the mouth of the retreat a fine net is 
spun facing the current. This net is used for catching food. The net may be large 
and extend a number of inches from the mouth of the retreat. A small central portion 
of the net is closely spun, the outer part having a looser and more irregular weave. 
This outer part becomes clogged with silt. The feeding position of the larva resembles 
closely that described by Philipson (1953) for Hydropsyche instabilis (Curtis). The 
anal appendages and the meso- and metathoracic legs grip the inside of the retreat 
while the prothoracic legs are held close to the under surface of the head which is 
moved rapidly from side to side feeding on organisms caught in the central part of 
the net. The prey is seized simultaneously by the mandibles and prothoracic legs. 
Organisms which are caught in the net and which are undesirable to the larva are 
swept loose into the current by the prothoracic legs and the side to side movement 
of the head. 
I have also observed, as stated by Lestage (1921) for Hydropsyche sp. ,  that the 
larvae of C. modica use the brush of bristles at the end of the anal appendages to 
clean the net. The posterior end of the body is either brought anteriorly so that the 
body becomes U-shaped or the larva turns completely in the retreat. This reversal 
of position in the retreat for a short period is described by Philipson. Periods of 
abdominal undulation sweep water through the retreat for gaseous exchange. During 
such periods the abdominal appendages loose their grip of the retreat and the abdomen 
lies free. 
C. modica larvae are very prone to the gregarious habit and more than one larva 
is often collected from one tubular dwelling. Rocks in the shallow part of the 
stream may be almost completely covered with the fixed retreats of this species. The 
larvae are very active and are able to leave their retreats and crawl over the stones 
and cling fast with their long anal appendages which are provided with long hooks. 
When the rocks are removed from the water, the green larvae leave their cases and 
loop across the surface of the rock. When the rock is replaced in the water the larvae 
do not return to their original case but enter any case or even travel to another rock. 
They can and do at times climb about on the vegetation but typically they are rock 
dwellers. 
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Copulation and Oviposition 
Copulation occurs at night and lasts for a short period. I have observed the 
process in the laboratory only four times, but pairs were frequently taken in copula 
at the light trap in late September and October. The specimens which had been 
bred in an aquarium from pupae (in late April) were placed in the breeding cage shortly 
after emergence. They settled on the vegetation near the water and for three days 
apparently paid no attention to each other. On the fourth day they flew to the top 
of the cage, settling on the vegetation there. On the evening of the fourth day the 
caddis flies darted energetically about the top of the cage and the female came to 
settle beside the male. She stroked him with her antennae. The female spread her 
wings horizontally and the male proceeded sideways to the female, beneath her wing,-, 
clasping her with his forelegs round her pronotum and with his middle legs behind 
the wing sclerites of the mesothorax. The abdomen of the male was bent in order 
to insert the protruded penis into the female genital aperture. The male then turned 
180°, the two insects assuming an end-to-end position. 
Copulation lasted sixty-five minutes during which time the pair made a few 
clumsy flights from leaf to leaf. Spermatophore production has been observed in 
the males of C. modica. 
SPERMATOPHORE PRODUCTION IN c. modica 
Trichoptera had been little studied in respect of the structure of the reproductive 
system and method of sperm transference until the work of Khalifa (1949). 
Cholodkovsky (1911) examined the contents of the bursa copulatrix of Goer a pilosa 
Fab. and M olanna angustata Curt. and reported finding structures which he consid­
ered not to be true spermatophores for they originated partly in the female receptacle. 
Cholodkovsky termed these structures "spermatodose." Khalifa considers 
Cholodkovsky's opinion to be based on casual dissection and found the spermato­
phore to be produced in the male genital tract. C. modica is the only species I have 
examined which produces a spermatophore. 
A female was examined immediately after copulation and the deposition of the 
spermatophore by the male was found to agree with that described by Khalifa for 
Silo, Sericostoma, and M olanna. 
The spermatophore is deposited as a whole in the bursa copulatrix and the neck 
of the sperm sac is held in position by the cuticular calyx at the anterior end of ductus 
bursae. The spermatophore was found to be composed of two different parts, 
namely, a coagulated protein mass and a sperm sac. The protein mass is orange in 
colour at deposition, but when it is absorbed by the female after deposition, it 
changes to white. Khalifa states that in Anabolia the protein mass is completely 
absorbed after nine to ten days. In C. modica I was unable to determine the length 
of the period of absorption as the species would not copulate readily in the laboratory. 
I was, however, able to find that two days after copulation the sperm from the sperm 
sac had migrated to the "flagellum" of the bursa and that the bursa itself and the 
empty sperm sac had collapsed except for a small amount of the resinous material 
in the bursa copulatrix. The sperm remain in the "flagellum" until they are required 
to fertilize the eggs. 
Two days after copulation the male fell into the water and drowned. Three 
days after copulation a dark green sphere was observed protruding from the tip of 
the abdomen of the female. The female was carefully removed from the cage and 
examined under a microscope. Rhythmic contractions and relaxations of the 
abdomen were taking place. The individual eggs in the mass were hexagonal in 
outline and the eyespots could already be observed in them. The female was 
returned to the breeding cage where she continued to carry the eggs for a further 
forty-eight hours. 
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The female rested on a floating aquatic plant and dipped her abdomen into the 
water of the aquarium. The egg mass was swept free and floated on the surface. 
Three hours after this the female fell into the water and was drowned. 
The egg mass consisted of 125 eggs and was in the shape of a hollow ball. 
Development of the Eggs 
Immediately after touching the water a mucilage covering of the egg mass began 
to swell. The swelling took place in a definite shape, roughly spherical but being 
indented over each egg, suggesting that there is an outer covering of different com­
position from the mucilage. 
After four hours' submersion the egg mass had swollen to double its original size 
and the eggs did not lie closely packed but lay a small distance apart. A green band 
was present in each egg but as the eggs increased in size this band became fainter and 
more yellowish. After a further twelve hours the mucilage had lost some of its gel 
strength and the eggs were slightly larger and further separated. Outlines of the 
larval legs could then be seen. After forty-eight hours' submersion the egg mass 
was removed to a small container so that the young could be readily observed when 
they hatched. · By this time half of the eggs had hatched and the mucilage on one 
side of the egg mass seemed to have broken its surface layer and had begun to mingle 
with the surrounding water. This was probably due to the movements of the newly 
hatched larvae. After a further six hours all the eggs had hatched but the larvae 
were still unable to free themselves from the mucilage, the outer covering of which 
lay in a crumpled mass on the top of the water. 
The larvae were becoming weaker in their efforts to struggle but when water was 
dropped from a pipette gently on to the mucilage mass the larvae quickly dispersed 
and the mucilage dissolved. The egg mass had been floating on the surface of the 
water in the dish and the larvae now fell to the bottom and began walking on the 
sand there. 
An air bubble was placed in the dish to aerate the water and provide water move­
ment. The dish was well equipped with sand grains, pebbles large and small, 
filamentous algae, diatoms, water weeds, and frog spawn. 
Larval Instars 
Immediately on falling to the bottom of the dish the larvae set about construct­
ing their retreats. A suitable stone was selected and small pieces of vegetable matter 
collected into a heap on the stone. The newly hatched larvae took four hours to 
build their retreats. 
Unfortunately these larvae only survived the second instar and the other data 
given here were obtained from specimens collected in the field. 
Seven larval instars are present in the life cycle. 
Larval Instar Length of Larva Average Width of Head Capsule 
1 1 mm. 0. 1 mm. 
2 2 mm. 0.2 mm. 
3 4 mm. 0.4 mm. 
4 7 mm. 0.7 mm. 
5 9 mm. 0. 9 mm. 
6 12 mm. 1. 0 mm. 
7 16 mm. 1. 4 mm. 
The width of the head capsule in the successive instars does not follow Dyar's 
Law. 
The captive larvae did not survive as the food provided was evidently not suitable 
for the early instars. The dead bodies of the first to die were eaten by those still 
surviving but these too finally died. 
246 KATHERINE KORBOOT 
The winter months are passed in the larval stadia. 
One period of pupation is in March and another in September. However, 
specimens in aquaria have pupated as late as the middle of April and the end of 
October. 
When the time for pupation draws near, the mature larva leaves its case and looks 
for a suitable place to build its pupal shelter. It usually travels to the underside of 
the rock where it has access to the small pebbles of the stream bottom. With the aid 
of silk a small circle of pebbles is cemented to the rock substratum. 
In the aquarium, even when rocks are present, the larvae have been found to 
use the glass side of the aquarium as the substratum for the pupal case. In this way 
I have been able to observe the building of the pupal case and all that occurs within it.' 
After the circle of stones has been constructed, the larva fills in the rest of the 
hemisphere to form an oval covering. The stones of the covering are loosely joined 
together so that gaps are left between them. The inside of the pupal shelter is then 
lined with silk. The larva takes six hours to build the pupal case. 
The prepupal period lasted three days. At the end of this time a silken cocoon 
was completely spun round the insect. Throughout the prepupal period and again 
during the pupal period the abdomen was rhythmically undulated antero-posteriorly 
ensuring the passage of fresh water through the pupal case. (The pupal cocoon is in 
contact with the edge of the pupal case through which the water enters.) 
Pupal Period 
In April and September the pupal period lasted eleven to fourteen days. At the 
end of this period the pupa, with the aid of its powerful mandibles, tore its way out 
of the pupal cocoon, through the water entrance gap of the pupal case, and swam, 
using the mesothoracic legs as oars, to the surface of the water, where it clung to a 
floating water plant and the final metamorphosis took place. 
Emergence of the Adult 
The pupal skin split from the prothorax to the seventh abdominal segment. 
Immediately on pulling itself from the pupal skin the imago was capable of flight. 
The final metamorphosis always takes place at night and the cast pupal skin is 
left floating on the surface of the water. 
THE GROWTH RATE OF c. modica BY EXAMINATION OF SPECIMENS 
IN THE FIELD 
Localities where the species was known to be common were visited at approxi­
mately monthly intervals throughout the year (February, 1960, to February, 1961). 
As many specimens as possible were collected and killed in 70 per cent alcohol. The 
specimens were measured from the tip of the head to the tip of the anal appendages. 
First instar larvae (length 1 mm.) were too small to be found in the field and were 
excluded from the experiment. Because of the care required in finding the small 
second and third larval instars it was not possible to obtain very large samples. The 
samples are, however, large enough to be examined statistically. The mean size of 
the population for each sample was calculated and a curve showing the mean growth 
obtained. 
Care was taken when making these collections to see that every specimen come 
across was taken, and no bias was given to collecting a particular size. 
Figure 1 shows that two generations a year are present. After an emergence 
period in April, growth rate falls off rapidly during the winter months, to increase 
again in the spring, giving the second emergence period in October. A fall off in 
growth rate occurs again in midsummer, but this is less than that which occurs in 
the winter. 
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The standard deviation from the mean is plotted with the mean to give some 
indication of the scatter around the mean. Sixty-eight per cent of the population 
will lie in the shaded area. 
2 
II Ill IV v VI VI I VIII IX 
winur 
months 
x XI XII XIII 
E 
E 
c: 
0 
.. 
E 
Fm. !.-Graph showing the mean growth over several months. The mean size, and on each side 
·Of it the standard deviation from the mean (dotted lines), are plotted against the months in which 
the samples were taken. 
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TABLE 1 
To SHOW GROWTH RATE OF LARVAE OF c. modica 
LENGTH I Feb. Nos. OF SPECIMENS FEB., 1960, TO FEB., 1961 IN MM. March April May June July Aug. Sept. Oct. Nov. Dec. Jan. 
2 0 0 0 4 7 0 0 0 0 1 0 0 
4 0 0 0 3 11 1 0 0 0 2 3 0 
7 1 3 3 1 1  20 9 9 2 3 4 4 0 
9 2 5 2 6 1 0  16 1 0  9 7 12  1 6  2 
1 2  29 8 5 0 0 1 17 1 5  1 6  2 20 20 
1 6  7 29 1 8  0 0 0 1 20 17 0 0 9 
BIOLOGICAL DATA FOR Symphitoneuria exigua (McLachlan) 
Females of S. exigua carrying egg masses were quite commonly collected at light 
during the autumn months. The egg mass was dropped by the female from a height 
of 3 or 4 inches into the water. As in the case of C. modica the egg mass was spherical 
and covered in a layer of mucilage which swelled on submersion. The sphere, how­
ever, was not hollow but consisted of layer upon layer of eggs, and in this case the 
sphere of eggs did not float at the surface (Fig. 2). 
Seventy-two hours passed before the eggs hatched and again water movement 
was necessary for the first instars to separate from the mucilage of the egg mass. 
At the time of batching the abdomen straightened and the legs were pushed 
downwards. The chorion was split dorsally above the thorax and as the head was 
raised the chorion was split further. Examination of the cast skin revealed a minute 
sclerotized tooth in the region of the fronto-clypeus. This so-called "hatching 
tooth" is non-functional in this species. It has been observed by Murphy (19 19) in 
Brachycentrus nigrisoma. 
The larvae immediately set about case construction. Very small stones were 
collected into a heap. With its long forelegs the larva took hold of a stone, covered 
it with a layer of silk and joined it to another stone of similar size. A ring of small 
stones was made. Stones were then added to the back of this ring to form a small 
tube which was lined with silk. The larva then placed itself back first into the tube 
so far constructed and moved around with the case dragging behind it. The case, 
however, covered only half of the larval body and the larva added stones to the 
anterior end until the case was long enough for the larva to withdraw completely 
inside. The larvae took five to seven hours to complete their cases and immediately 
on doing so set about finding food. The larvae feel around for the vegetable food 
with the long forelegs and by means of these legs food is passed to the mouth. 
In order to see if the larvae could utilize materials other than small stones for 
case construction, the larvae which hatched from the next egg mass which came to 
hand were placed in a container which had no small stones but sand grains, small 
sticks, etc. The larvae explored the dish for three hours and then died. 
Length measurements of larvae are the means of measurements of twenty-five 
specimens. 
Length of first larval instar = 1 . 0 mm. 
Length of case = 1 . 5 to 2 mm. 
March. Duration of first larval stadium = 2 weeks 4 days. Moulting occurred 
inside the case but the cast skin was pushed from the case. Small stones were added 
to the anterior end of the case and the narrow posterior end was not cut off until the 
fourth instar was reached. Gills were not developed until the second larval instar. 
Length of second larval instar 1 . 5 mm. 
Length of case 
= 2. 5 to 3 mm. 
April. 
May. 
June. 
August. 
A 
� 
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Duration of second stadium = 4 weeks 2 days 
Length of third larval instar = 2 . 5  mm. 
Length of case = 4.0mm. 
Duration of third larval stadium = 6 weeks 
Length of fourth larval instar = 7 .0mm. 
Length of case = 10.0mm. 
Duration of fourth larval stadium = 8 weeks 
Length of fifth larval instar = 12.0 mm. 
Length of case = 16 .0 mm. 
Duration of fifth larval stadium 
= 4 weeks 
....... 2 � 
I mm1 
Fm. 2.-Egg mass of S. exigua at time of deposition, after one, three, six, and twelve hours' 
submersion. 
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When the fifth larval instars are ready to enter the prepupal period, they cease 
to feed and block the fore-ends of their cases with a loose mesh of stones joined by 
silk. The cast larval skin is left at the posterior end of the case. Eighty per cent of 
the specimens pupated on or about 8th September, after a prepupal period of four 
days. Adults emerged on 22nd, 23rd, 24th September. The adults do not fly 
immediately on emergence as in the case of C. modica, but rest on aquatic vegetation 
for a few minutes before flying. The remaining 20 per cent of the specimens pupated 
on 1st to 5th October, after a prepupal period of four days, adults emerging on 
12th, 13th, or 14th October. 
Figure 3 shows the relationship between case length and larval length. 
A pair of adults which emerged on 22nd September mated in the breeding cage 
on 29th September and an egg mass was deposited by the female on 1st October. A 
small number of the larvae were reared successfully and pupated in late February 
to emerge on 4th, 5th, and 6th March. 
Thus the life cycle of S. exigua involves two generations a year, the summer 
generation being slightly quicker than the winter generation. 
In the winter generation there are five larval instars, the fourth being of the long­
est duration. The prepupal period is four days long and the pupal period approxi­
mately fourteen days. All individuals from the same egg mass are not ready for 
pupation at the same time, a few lagging three weeks behind the rest and spending 
the extra time in the fourth instar. In two of such larvae the cuticle was completely 
devoid of pigment and in the remainder the cuticle was not fully pigmented. There 
is apparently some connection between a process preventing complete pigmentation 
and a process delaying release of the moulting hormone. 
In the summer generation there are also five larval ins tars: 
Instar 1-2 weeks 
Instar 2-4 weeks 2 days 
Instar 3-5 weeks 
Instar 4-5 weeks 3 days 
Instar 5-3 weeks 
Prepupal period-4 days 
Pupal stadium-10 days 
An experiment was made to examine the effect of water depth on the larvae of 
C. modica, Anisocentropus latifascia (Walker), Tripectides volda (Mosely), Triplectides 
australis (Navas), S. exigua, and H. tillyardi. 
All except C. modica are case-bearing species and in order to examine the effect 
of varying water depth on the movements of the larvae, they were removed from their 
cases and either given pieces of clear plastic with which to make a case or wrapped in 
a piece of plastic. 
The results given are means of trials each involving twenty larvae (Table 2). 
The larvae were placed singly in a small glass tank and the depth of the water in 
the tank increased inch by inch, the behaviour of the larva being examined for a period 
of at least ten minutes after each addition of water. The death point was taken as 
the point where the larva turned on its back and remained so without further 
movement. 
In all cases the results obtained agree with field observations in that one would 
not expect to find the larva of 
C. modica in a stream more than 13 in. deep, 
T. volda more than 16 in. to 20 in. deep, 
A. latifascia more than 14 in. deep, 
T. australis more than 13 in. deep, 
S. exigua more than 15 in. to 17 in. deep, 
H. tillyardi more than 16 in. deep. 
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FIG. 3.-Graph showing the mean growth rate of S. exigua larva and case. 
Depth 
in inches 
1 1  
12 
14 
15 
16 
17  
18 
19  
20 
21 
22 
23 
24 
TABLE 2 
TABLE SHOWING THE EFFECT OF INCREASING DEPTH ON THE MOVEMENTS OF Srx SPECIES OF TRICHOPTEROUS LARVAE 
C. modica A .  latifascia T. volda 
Unaffected, Unaffected, Unaffected, 
surfaced and explored the explored the 
explored the tank the tank tank 
Waved abdomen Explored Explored 
in order to 
surface, but failed 
to rise 
Walked little, Explored Explored 
executed vigorous 
abdominal 
undulations 
Under strain and Ceased to walk, Burst of walking 
difficulty in body appeared followed by rest 
moving stretched, defaeca- periods 
tion and abdom-
inal undulations 
frequent 
Still for 45 min- No movement Little movement 
utes then died but apparently no 
strain 
Death after 30 Death after 38 Vigorous abdom-
minutes minutes inal undulations 
Death after 1 0  Death after 15 Vigorous abdom-
minutes minutes inal undulations 
Death after 2 Death after 5 Vigorous abdom-
minutes minutes inal undulations 
Vigorous abdom-
inal undulations 
No movement 
Death after 25 
minutes 
Death after 12 
minutes 
Death after 5 
minutes 
T. australis 
Unaffected, 
explored the 
tank 
Explored 
Ceased to walk, 
abdominal undu-
lations executed 
with difficulty 
No movement 
Still and died 
after 30 minutes 
Death after 15 
minutes 
Death after 7 
minutes 
Death after 2 
minutes 
S. exigua 
Unaffected, 
explored the 
tank 
Explored 
·-· 
-
Explored 
Explored 
Rapid abdominal 
undulations 
Vigorous abdom-
inal undulations 
No movement 
Death after 30 
minutes 
Death after 5 
minutes 
H. tillyardi 
Unaffected, 
explored the 
tank 
Explored 
Explored 
Explored 
Little movement 
but apparently no 
strain 
No movement 
Death after 40 
minutes 
Death after 30 
minutes 
Death after 15 
minutes 
Death after 5 
minutes 
IV "' IV 
;;><; > -I 
I 
m 
:;>:> 
z 
m 
;;><; 
0 
:;>:> 
OJ 
0 
0 
-I 
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TEMPERATURE AND LIGHT EFFECTS ON TRICHOPTERA 
Temperature has a marked effect on development and activities as well as 
affecting mortality. The temperature range that insects can withstand varies greatly 
with the species and the developmental stage. 
Insect development is not equally responsive to changes over the entire tempera­
ture scale. There is a definite low point at which development stops, called the 
threshold temperature; this point (point of chill coma) may be many degrees above 
the actual point of death from low temperature (lower thermal death point). There 
is also a definite high point (point of heat coma) for each species, at which development 
stops; this point is usually very close to that of lethal high temperature (upper 
thermal death point). Between the two points, rate of development responds to 
temperature changes. 
The upper and lower thermal death points and the points of heat and chill coma 
were recorded for the mature and fourth instar larvae and adults of C. modica, 
T. volda, A .  latifascia, T. australis, S. exigua and H. tillyardi. 
In the case of the larvae the temperature of the water in a small container was 
gradually (1  QC every two minutes) raised or lowered until the larvae became inactive. 
If when removed to room temperature they recovered, the point at which this 
inactivity occurred is the point of heat or chill coma (whichever the case may be). 
After recovery the heating or cooling was continued until the actual upper or lower 
thermal death point for the species had been reached. 
In the case of the adults the temperature of the air inside a glass container was 
raised or lowered. Low temperatures were obtained by immersing the container 
in a freezing mixture. 
TABLE 3 
REACTIONS OF LARVAE TO TEMPERATURE 
Results. Mean of ten readings 
Larvae (4th instar) 
Upper Thermal 
Species Heat Coma Death Pt. 
(QC) (U.T. D.P.) 
C. modica . . . . . . . . . . . . . . . . . . . . . . 31 32 
T. volda . . . . . . . . . . . . . . . . . . . . 33 36 
A. latifascia . . . . . . . . . . . . . . . . . . . . 3 5 3 8 
T. australis . . . . . . . . . . . . . . . . . . . . 34 36 
S. exigua . . . . . . . . . . . . . . . . . . . . . . 32 35 
H. tillyardi . . . . . . . . . . . . . . . . . . . . 30 32 
Species 
C. modica . . . . . . .. . . . . . . . . . . . . .  . 
T. volda . . . . . . . . . . . . . . . . . . . . .  . 
A. lat(fascia . . . . . .. . . . . . . . . . . . .  . 
T. australis . . . . . . . . . . . . . . . . . . .  . 
S. exigua . . . . . . . . . . . . . . . . . . . . .  . 
H. tillyardi . . . . .  '. . . . . . . . . . . . . . . 
TABLE 4 
Larvae (Mature) 
Upper Thermal 
Heat Coma Death Pt. 
(QC) (U.T.D.P. ) 
31 35 
34 36 
35 40 
36  38 
33 36 
31 33 
Chill 
Coma 
(QC) 
0 
5 
5 
4 
3 
0 
Chill 
Coma 
("C) 
I 
6 
6 
6 
4 
3 
Lower 
Thermal 
Death Pt. 
(L.T. D. P. ) 
-1 
I 
2 
I 
1 
-4 
Lower 
Thermal 
Death Pt. 
(L. T. D.P.) 
0 
1 
2 
2 
2 
0 
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In all cases as the temperature of the water was increased the larvae became 
more active, turning and swimming in all directions until they ultimately passed into 
a state of heat stupor followed by death. 
The results show that the mature larvae have higher thermal death points than 
the fourth larval instars. The exception is T. volda, where the U.T.D.P. is the same 
although the temperature of heat coma is slightly higher. The mature larvae are, 
however, more sensitive to fall in temperature, in all cases the lower thermal death 
point being higher than that of fourth larval instars. This greater tolerance of high 
water temperatures and less tolerance of low water temperatures by mature larvae is 
probably because the fourth larval instars are the stage in which the winter is passed. 
TEMPERATURES OF NATURAL LARVAL HABITAT (0C) 
C. modica . . . . . . . . .  . 
Winter (July) Summer (February) 
16 24 
T. volda . . . . . . . . .  . 
A. latifascia . . . . . . . . 
T. australis . . . . . . . . 
S. exigua . . . . . . . . .  . 
H. tillyardi . . . . . . .  . 
19 23 
16 22 
19 24 
19 24 
20 26 
TABLE 5 
REACTIONS OF ADULTS TO TEMPERATURE 
Adults. Mean of five readings 
Heat Coma 
Species (0C) U.T.D.P. 
Chill Coma 
(OC) 
C. modica . . . . . . . . . . . . . . . . . . . . . . 50 
T. volda . . . . . . . . . . . . . . . . . . . . . . 44 
A. latifascia . . . . . . . . . . . . . . . . . . . . 44 
T. australis . . . . . . . . . . . . . . . . . . . . 45 
S. exigua . . . . . . . . . . . . . . . . . . . . . . 44 
H. tillyardi . . . . . . . . . . . . . . . . . . . . 47 
5 1  
46 
45 
46 
45 
49 
8 
9 
9 
9 
9 
8 
L.T.D.P. 
6 
6 
7 
6 
6 
4 
At first the adults rested on the sides of the glass container; when the temperature 
was raised l0°C above room temperature (21°C) they flew actively in the container 
until overcome by the heat, when they fell to the bottom (heat coma point) and 
remained inactive until death. 
As the temperature was lowered 5°C below room temperature the caddis flies 
grouped together in an upper corner of the container; at the point of chill coma they 
fell to the bottom of the container and remained inactive until death. 
C. modica and H. tillyardi adults which may be caught in the field during the 
early part of the winter withstand the lowest temperatures experimentally; however, 
they are also the most heat tolerant of the species studied. 
The upper and lower temperatures which prevented the hatching of the eggs 
within the egg masses of C. modica were determined. The results refer to only one egg 
mass in each case. 
L.T.D.P. = 17°C 
U.T.D.P. = 26°C. 
Room temperature (22°C) appears to be the optimum temperature for develop­
ment of the eggs. At 25°C, twenty-two hours' exposure was required for mortality 
of all the eggs in a mass to occur. At 19°C the eggs developed in the mass but 
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sixty-two hours were required before hatching, compared with fifty hours at the 
optimum temperature. 
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Fm. 4.-Graph showing the relationship between temperature and length of pupal period in four 
species of Trichoptera. 
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FIG. 5.- Gr:aph showing tbe number of days' exposure required for assuring complete mortality 
of fourth instar and mature larvae, pupae, and adults qf C. modica at temperatures ranging from 
10°c to 30°C. 
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Thus, there is a slight difference (1 °C) between the temperature preventing the 
hatching of the first instars and that killing them once they have hatched. 
The pupae of C. modica, T. volda, A .  /atifascia, and H. tillyardi were removed 
from their cases and the upper and lower thermal death points estimated. · Heat and 
chill coma were taken as the points where no further abdominal undulations or gill 
movements occurred. 
TABLE 6 
REACTIONS OF PUPAE TO TEMPERATURE 
Results. Mean of five readings 
Heat Coma 
Species (0C) 
C. modica . . . . . . . . . . . . . . . . . . . . . . 30 
T. volda . . . . . . . . . . . . . . . . . . . . . . 3 1  
A. latifascia . . . . . . . . . . . . . . . . . . . . 3 2  
H. tillyardi . . . . . . . . . . . . . . . . . . . . 29 
U.T.D.P. 
3 1  
3 3  
34 
3. 1 
Chill Coma 
(°C) 
4 
5 
6 
3 
L.T.D.P. 
1 
1 
2 
0 
The pupae are more sensitive to high and to low temperatures than are the larvae. 
Length of Pupal Stadium 
Temperature 
c. modica T. volda A .  latifascia H. tillyardi 
21°C . . . . . . . . . . . . . . . . . .  1 2  9 30 1 9  
15°C . . . . . . . . . . . . . . . . . . 20 1 5 3 5 27 
l 8°C . . . . . . . . . . . . . . . . . .  16 1 3  32 22 
26°C . . . . . . . . . . .  10  8 21  13  
27°C . . . . . . . . . . . . . . . . . . 10  8 1 5  11 
For each set of data a line of best fit was drawn (Fig. 4). 
With increase in temperature above optimum the length of the pupal period is 
correspondingly reduced. Similarly, decrease in temperature causes corresponding 
increase in the length of the pupal period, i .e. there is a linear relationship between 
temperature and length of the pupal period. 
The number of days' exposure required for assuring complete mortality of fourth 
instar and mature larvae, pupae, and adults of C. modica at temperatures ranging 
from I0°C to 30°C has been plotted (Fig. 5). 
In the adult increase in temperature causes an increase in the number of days 
of exposure to the temperature necessary for complete mortality. 
In the fourth instar there is an increase in the number of days of exposure with 
increase in temperature to 28 °C after which there is a sharp decrease. This sharp 
decrease after 28 °C is also shown with the pupa and mature larvae but at 30°C the 
pupa does not survive one day's exposure. 
The adults have the least cold tolerance and the fourth i nstar larvae the greatest 
cold tolerance; the pupae and mature larvae occupy an intermediate position. 
The adults have the greatest heat tolerance, the pupae the least, and the larvae 
occupy an intermediate position. 
THE EFFECT OF LIGHT ON DEVELOPMENT 
Specimens of C. modica were reared successfully from sixth larval instars to adults 
in almost complete darkness. Optimum conditions of water movement, aeration, 
and food requirements were provided. . It was found, however, that the duration of 
each stadium was slightly longer than under naturally lighted conditions. 
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September 
Normal length of sixth larval stadium 
Length in darkened conditions 
Normal length of seventh larval stadium 
Length in darkened conditions 
Normal length of prepupal period 
Length in darkened conditions 
Normal length of pupal period 
Length in darkened conditions 
36 days 
42 days 
24 days 
30 days 
3 days 
3 days 
11-14 days 
20 days 
It should be noted that in changing the water weeds, supplying food, and exami-\ 
nation of the state of development of the experimental insects, some light was at 
times allowed to enter the dark room. 
Lack of light does not prevent metamorphosis in caddis flies but slows down the 
rate of development while other factors influencing development (temperature, food) 
are at the optimum level. 
It should also be noted that thermal levels leading to fastest development or 
highest survival may not necessarily be the most suitable conditions for a species 
and that it should not be automatically assumed that optimum conditions of tempera­
ture and light as found in laboratory studies will also apply to the species in its 
actual environment. 
TABLE 7 
TABLE SHOWING THE FAVOURED FOOD ORGANISMS FOUND IN 
DISSECTED LARVAE OF FJVE SPECIES 
Food Species 
C. modica T. volda T. australis S. exigua A. latifascia 
Number of larvae examined . .  9 1 2 8 7 6 
PLANTS 
Algae 
Isokontae 
Ulothrix . . . . . . . . . . . . . .  4 2 
Cladophora 
. . . . . . . . . . . .  3 
Conjugatae 
Closterium . . . . . . . . . . . . 
Diatomales 
Centricae . . . . . . . . . . . . . .  9 12  6 4 6 
Pennatae . . . . . . . . . . . . . . 8 IO 7 5 4 
Phanerograms and 
Bryophytes 
Leaf fragments 6 7 8 
ANIMALS 
Arthropods 
Crustacea 
Copepods . . . . . . . . . . . . . . 
Insect a 
Chironomid larvae . . . . . .  
Ephemeroptera larvae . . . .  
Trichoptera larvae 
Arachnida 
. . . . . .  
Acarina 
. . . . . . . . . . . . . . 
MINERAL AND ORGANIC 
DEBRIS . . . . . . . . . . . . . . . . 4 5 6 7 6 
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TABLE 8 
TABLE INDICATING THE FEEDING PREFERENCES OF FIVE 
SPECIBS OF LARVAL TRICHOPTERA 
C. modica . . . . . . . . . . . . . . . . . . . . .  . 
T. volda . . . . . . . . . . . . . . . . . . . . .  . 
T. australis . . . . . . . . . . . . . . . . . . .  . 
H. tillyardi . . . . . . . . . . . . . . . . . . .  . 
A. latifascia . . . . . . . . . . . . . . . . . . . . 
Plant 
6 
1 2  
8 
5 
6 
TYPE OF Fooo 
Animal 
0 
0 
0 
0 
0 
Plant and 
Animal 
3 
0 
0 
2 
0 
LARVAL GILLS, HABITS, AND DISTRIBUTION 
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No. of 
Species 
Examined 
9 
12  
8 
7 
6 
Various trials to test the requirements of each species were carried out in the 
laboratory, i.e. attempted rearing in deep tanks of still water and of running water, 
in shallow dishes of still water and of running water, in the presence and absence of 
an air bubble. 
With the five species I have studied it could not be stated generally that the larger 
species have met the need for a larger relative respiratory area by an increase in the 
number of gill filaments. Undulatory movements, finely membranous integument, 
and habitat choice play an equally important role together with gill development. 
C. modica 
A net spinning Hydropsychid. Typically found in very strong currents but occa­
sionally it does occur where the flow is not so rapid. 
The water may be shallow or deep. Rhythmic abdominal undulations are made 
to keep the water circulating through the retreat. 
The area of the gills has not been computed but the number of filaments has been 
used to give an index of proportional gill area, as the filaments do not vary greatly in 
size relative to the larva. 
Pale pink, branched gills are borne on the meso- and metathorax and abdominal 
segments one to eight. The gills are approximately two-thirds of the length of the 
segment which bears them. 
Mesothorax-ten branched subventral series. 
Metathorax-ten branched mid subventral series, and ten branched posterior sub­
ventral series. 
Abdominal segments, one, two, three, four-ten branched lateral and subventral 
series. 
Abdominal segments five, six, seven, eight-two branched subventral series. 
Total number of gill filaments = 236. 
Length of mature larva = 1 6 .  0 mm. 
H. tillyardi 
A member of the family Sericostomatidae. The case is formed of fine grains of 
sand of uniform size cemented together with silk into the shape of a snail shell. 
The shallow stream with slight current is the most favoured habitat. A new case is 
built by each larval instar. The pupal case is that of the last larval instar. 
The species is found only in strong currents and has a preference for cold 
mountain streams. The water may be shallow or deep. 
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Rhythmic abdominal undulations are carried out. The lateral line is present 
on segment eight only. 
Gill Pattern 
Segment 1. One lateral group of five. 
Segment 2. Two single lateral and two single subdorsal. 
Segment 3. Two single lateral and two single subdorsal. 
Segment 4. Two single subdorsal. 
Segment 5. Two single subdorsal. 
Total number of gill filaments � 34. 
Length of mature larva = 6 .  2 mm. 
T. volda 
A member of the family Leptoceridae. This species carries a portable case 
consisting of a single stick lined with silk, open at the anterior end and with a fine 
grating of silken threads spun at the posterior end. T. volda is found all the way 
from rather swift current to nearly still water. The long larval legs are used for cling­
ing to stones in a swift current, for drawing vegetable food towards the mouth or 
for drawing the case about on the sandy floor of the still pond. 
The species is found in shallow and deep water. No abdominal movements 
have been observed . 
Gill Pattern 
Unbranched, long, finger-like tracheal gills are present. The gills taper slightly 
at the distal end and are white in colour. In a fresh specimen the gills are equal to 
the length of the segment which bears them, but on preservation they shrink. 
The gills are borne on the cephalic end of abdominal segments one to eight 
inclusive. 
Abdominal segment one-lateral , subdorsal and subventral series. 
Abdominal segments two to eight-subventral and subdorsal series. 
Total number of gill filaments = 34. 
Length of mature larva = 19 . 75 mm. 
Lateral line on segments three to seven inclusive. 
Triplectides australis 
A portable case of fine water-logged sticks attached to a silken lining is carried 
by this Leptocerid. The posterior end is completely closed by silk so that the water 
enters and leaves through the anterior opening. Vigorous abdominal undulations 
aid the water movement. The species is found in a series of habitats similar to T. 
volda but it is less tolerant of strong currents, only an occasional specimen being found 
in such a habitat. The shallow stream with slight current is the most favoured 
habitat. 
Gill Pattern 
Long, unbranched, finger-like gills are present. The filaments are equal in length 
to the segment which bears them. The gills are present at the cephalic end of the 
abdominal segments two to eight inclusive. Single subdorsal, lateral and sub­
ventral series are present. 
Total number of gill filaments = 48. 
Length of mature larva = 15 . 5 mm. 
Lateral l ine is present on segments three to eight inclusive. 
A. latifascia 
A member of the family Calamoceratidae. The case is portable, consisting of 
two flat pieces of leaf joined by silk and containing a silken tunnel. The anterior 
end of the tunnel is open and at the posterior end a silken net is spun, The habitat 
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ranges from slight current to still water. The larvae cling to submerged logs and 
stones in the stream and walk about freely on the sandy bottoms of still pools. 
Shallow water is always chosen. · 
This species has been bred successfolly in flat enamel dishes, without a supply of 
running water. 
Rhythmic undulatory movements are carried out. 
Gill Pattern 
As in T. volda unbranched, long, finger�like tracheal gills, which taper distally, 
and which are equal in length to the segment which bears them, are present on the 
abdomen. Abdominal segment two-lateral series of three pairs, subdorsal series 
of three pairs and subventral series of three pairs. 
Abdominal segments three to eight�subdorsal series of three pairs and. subventral 
series of three pairs. · 
Total number of gill filaments = 90. 
Lateral line present on segments three to seven inclusive. 
Length of mature larva = 1 7  . 5  mm. 
H. tillyardi 
FURTHER BIOLOGICAL DATA FOR T. volda, A .  latifascia, 
T. australis, AND H. tillyardi 
Pupae were obtained in February, March, April, and May and adults emerged 
throughout these months. Larvae are present in the field throughout the winter, 
spring, and early summer. 
Prepupal period = 2 days. 
Pupal period = 19 days (April). 
T. volda 
Pupae are present in the field from January to the end of April. Larvae are 
present during the winter, spring, and early summer. Adults have been captured 
as late as June and July. 
Prepupal period 1 2  hours. 
Pupal period = 9 days (March). 
T. australis 
Pupae are present in abundance from February to the beginning of April. 
Adults are present throughout the autumn and the winter period is passed in the 
larval stadia. 
Prepupal period = 4 days. 
Pupal period = 21 days (February). 
A. latifascia 
Pupae are present in the field in September and October and again in April. 
Adults may be captured during the spring and autumn. Again the winter is passed 
in the larval stadia. 
The young larvae are capable of utilizing materials other than leaves. Gram­
ineae seeds which had fallen in the stream were found to have been used as cases by 
one group of larvae. The insides of the seeds were scooped out by the mandibles 
but not eaten. Later instars deserted these cases and built the characteristic cases 
of leaves. 
Prepupal period = 5 days. 
Pupal period = 30 days (September). 
In all species except C. modica evidence points to a one-year life cycle. 
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Fm. 6.-A diagrammatic representation of the distribution of five species of larval Trichoptera in 
relation to the strength of the current. The horizontal divisions indicate the relative speed of the 
current and the width of the areas gives an approximate idea of the relative abundance of the 
respective species in the various environments . 
Figure 6 is a diagrammatic representation of the distribution of five species of 
larval Trichoptera (selected as typical forms), in relation to the strength of the 
current. 
The results of the habitat examination of these five species agree with those found 
by Sleight in the following factors. The first two species, namely those which live 
in rapid streams, are the only ones which have fixed larval cases. The last qne is 
characteristic of still water and has a case made of easily floated material. 
LABORATORY DETERMINATIONS 
A series of determinations was made to compare the dissolved oxygen concen­
tration of the four primary habitats from which the larvae were collected, 
i .e.  Very swift flowing 52 cm/sec. 
Swift flowing 36 cm/sec. 
Slow flowing 13 cm/sec. 
and Still water. 
The samples of water which were taken in the field [method of collection-E. A. 
Birge and C. Judan (19 11)] were immediately sealed with liquid paraffin and returned 
to the laboratory for examination. 
The Winkler method was used for the oxygen determinations. 
Very swift flowing water 02 cone. 9 .  60 p.p.m. 
Swift flowing water 02 cone. 6 . 96 p.p:m. 
Slow flowing water 02 cone. 6 . 07 p.p.m. 
Still water 02 cone. 4 . 88 p.p.m. 
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These results indicate that the dissolved oxygen content tends to increase in 
swift flowing water, but as pointed out by Philipson (1 955) the relative value of 
dissolved oxygen also depends on the previous history of the water entering the 
fast-flowing area. This probably explains the discrepancy between the fast-flowing 
mountain stream, where the water is coming from clear springs and waterfalls, and 
the other habitats where silt and decaying vegetation are collected. 
Table 9 shows the relation between the number of gills of the Trichopterous 
larvae and the oxygen content and velocity of water in their natural habitats. Note 
no correlation is shown between the number of gills present and the oxygen concen­
tration of the chosen site. 
Larva 
TABLE 9 
RELATION BETWEEN NUMBER OF GILLS AND OXYGEN CONTENT 
AND VELOCITY OF WATER 
No. of Gill 02 cone. in Velocity of Water 
Filaments p.p.m. cm/sec. 
Habitat 
C. modica . . . . . . . .  236 9 . 6  52 On stones in fast streams 
T. volda 34 6 . 07 13 Deep streams -+ shallow 
ponds 
A. latifascia . . . . . .  90 4 . 88 Shallow ponds 
T. austra/is 48 6 . 07 13 Shallow streams 
H. tillyardi . . . . . .  34 9 . 6-6 . 96 52-36 In crevices on stones in 
fast streams (mountain) 
DETERMINATION OF THE MINIMUM OXYGEN CONCENTRATION WITHSTOOD 
BY THE FIVE SPECIES OF LAST INSTAR LARVAL TRICHOPTERA 
The water used was Brisbane tap water (pH at the time of the experiment 
= 
7.5). This water was also used in the aquaria in which the larvae were reared 
for identification. The individual larvae were placed in small containers of water 
sealed from the atmosphere by liquid paraffin. The minimum oxygen concentration 
was taken as that at which the larvae ceased all visible movements (they usually 
lay on their backs or sides) ; at this point case-bearing larvae were removed from 
their cases so that their movements could be observed. 
Larva 
C. modica . . . . . . . . . . .  . 
T. volda . . . . . . . . . . .  . 
A. latifascia . . . . . . . . .  . 
T. australis . . . . . . . . .  . 
H. tillyardi . . . . . . . . .  . 
Minimum Oxygen Concentration 
(Mean of Six Readings) 
9 p.p.m. 
5 . 9  p.p.m. 
4 . 2 p.p.m .  
6 . 2 p.p.m. 
7 . 1 p.p.m. 
From an examination of these minimum oxygen concentrations results and the 
oxygen concentrations obtained from analysis of water from the four freshwater 
habitats, it can be seen that C. modica, which has been found to be typical of very 
swift water, cannot survive concentrations below 9 p.p.m. and therefore theoretically 
cannot survive a swift water habitat. The results for H. tillyardi uphold the observa­
tions in the field that this species can encroach on the swift water habitat. The 
minimum oxygen concentrations of T . . volda and T. australis, which are species pre­
dominantly from the slow-flowing habitat, are very close. As far as oxygen concen­
tration is concerned, both can survive the swift water habitat but neither have much 
chance of surviving still water. According to the results, T. australis is better suited 
to swift water than to slow ; however, this is not so in the field where more specimens 
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of T. volda are found in swift water than of T. australis. A. latifascia, which is found 
in still water, can withstand low oxygen concentrations. Under laboratory rearing 
tests C. modica gave interesting results. The larvae could not live in still, well-aerated 
water, water movement being necessary for survival. This reminds one of Wu's 
( 193 1 )  discovery that certain Simulium larvae restricted to swift waters do not require 
a high concentration of dissolved oxygen provided that the water is kept in motion, 
and he has concluded that these larvae have an inherent demand for current. 
THE EFFECT OF OXYGEN CONCENTRATION ON THE RHYTHMIC 
MOVEMENTS OF THE .ABDOMEN OF LAST !NSTAR LARY AE 
Rhythmic abdominal movements were observed in all species except T. volda 
which was therefore excluded from the experiment. The method used by Philipson 
(1955) was followed-the experimental aim being to find the effect of decreasing 
oxygen concentrations on the rhythmic undulatory movements of the abdomen of 
C. modica, A .  latifascia, T. australis, and H. tillyardi. 
In order that the movements might be observed, the larvae were removed from 
their cases. C. modica was allowed to spin a silken retreat in the experimental 
vessel. The other species were supplied with pieces of clear plastic of suitable sizes 
with which to construct their cases. H. tillyardi, however, would not use the material 
provided for case building and a fine piece of clear plastic was placed round the 
larva and tightened by a cotton loop until the inside of the tube touched the lateral 
abdominal tubercles. The ability of H. tillyardi to pass water through this case was 
shown by the use of methylene blue. 
At the beginning of the experiment the surface of the water containing the larvae 
was sealed with a layer of liquid paraffin. The number of abdominal movements 
made by the individual larvae during a five-minute period was determined and the 
dissolved oxygen concentration was measured. 
Water was then removed from the experimental vessel by means of a syringe 
pipette and boiled water added. After a period of fifteen minutes, in which the larvae 
stabilized themselves, the dissolved oxygen and the number of abdominal movements 
were again measured. The experiment was continued to the point of immobiliza­
tion of the larvae. 
Result: The dissolved oxygen concentrations and the corresponding number of 
abdominal undulations are given in Table 10.  
TABLE 1 0  
EFFECT O F  OXYGEN CONCENTRATION O N  ABDOMINAL MOVEMENTS 
Dissolved 02 Number of Undula-
p.p.m. tions/5 minutes 
C. modica . . . . . . . . . . . . . . 9 . 5  142 
9 . 4  100 
9 . 3 70 
9 . 1 4 
A. latifascia . . . . . . . . . . . . 9 . 5  140 
9 . 0  1 60 
8 . 0  1 80 
6 . 2 256 
T. austra/is . . . . . . . . . . . . . . 9 .  5 58 
9 . 0  80 
8 . 0  145 
6 . 3 1 30 
H. tillyardi . . . . . . . . . . . . . . 9 .  5 1 29 
9 . 1  1 30 
8 . 9  140 
8 . 6  147 
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For each set of data a line of best fit was drawn. Figure 7 shows that there is a 
linear relationship between 02 concentration and number of abdominal undulations. 
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Fro. 7.-Graph showing the relationship between oxygen concentration and number of abdominal 
undulations (per five-minute periods) in four species of Trichopterous larvae. 
Only in the case of C. modica does decrease in dissolved oxygen cause decrease 
in abdominal undulations. A. latifascia executed the highest number of abdominal 
undulations, the number increasing with decrease in dissolved oxygen. In well­
aerated water the movements are intermittent, periods of undulation alternating 
with pauses. In poorly aerated water the pauses become shorter. 
Studies of the environmental control of respiratory movements by caddis larvae 
have been made by Van Dam ( 1 937) and Fox and Sidney (1 953). Van Dam studied 
the larvae of Phyganea grandis L. He found that raising the temperature of the 
surrounding water shortened and finally abolished the pauses between the bursts of 
undulation. I found this to be the case in T. australis and H. tillyardi, and A. 
latifascia, but not in C. modica where the reverse occurred. 
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The initial and maximum (or minimum-C. modica) number of undulatory 
movements are given with the corresponding temperature. 
Results: Dissolved 02 = 9 . 5  p.p.m. 
Larva 
C. modica . . . . . . . .  . 
A .  latifascia . . . . . . . . . . . . .  . 
T. australis . . . . . . . . . . . . .  . 
H. tillyardi 
Number of Undulations 
Temperature per 5 Minutes 
21 °C 
26°C 
2 1 °C 
27 . 5°C 
21°C 
27°C 
21 °C 
27°C 
140 
24 
1 32 
197 
72 
121  
125  
140 
-------------- -·-- ·-- -
With C. modica and H. tillyardi increase in the turbulence of the watec as created 
by hand stirring was observed to decrease the number of respiratory movements 
but no accurate measurement of the decrease was made. 
In all cases I observed the strong and rapid ventilation movements after defaeca­
tion (an adaption to wash faeces out of the case) which are mentioned by Van Dam. 
It appears then that in nature a rise in temperature or a decrease in dissolved 
oxygen augments the amount of ventilation of the gills. 
MEASUREMENT OF THE HIGHEST VELOCITY OF WATER 
WITHSTOOD BY LAST !NSTAR LARVAE 
A pyrex tube of 2! inches diameter and 3 feet in length with a fine lining of sand 
was used in this experiment. The sand provided a rough surface to which the larvae 
could cling. The rate of flow of the water (in cm per sec.) through the tube was 
measured by means of a float. The velocity of the water at which the larvae of each 
species were swept away was taken as the highest velocity which that particular 
larva could withstand. 
Results: 
Larva 
C. modica . . . . . . . . . . . . . . .  . 
T. volda . . . . . . . . . . . . . . .  . 
A. latifascia . . . . .  . 
T. australis . . . . . . . . . . . . .  . 
H. ti!lyard i . . . . . . . . . . . . .  . 
Maximum Velocity of Water 
60 cm/sec. 
39 cm/sec. 
1 5  cm/sec. 
41 cm/sec. 
54 cm/sec. 
A. latifascia was least able to withstand the force of the current in the experimental 
tube. This species is typically found in still water. C. modica was the most tolerant 
of the force of the current and as already stated this species is a common inhabiter 
of very swift-flowing water. In tolerance of current C. modica was closely followed 
by H. til�vardi which is also a fast-water inhabitant. T. volda and T. australis occupy 
an intermediate position. 
Larvae which are unable to withstand the force of the current are unable to 
inhabit swift water. 
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There is thus a correlation between natural habitat and experimental data in 
the case of amount of dissolved oxygen and velocity of water but no correlation 
between number of gill filaments and dissolved oxygen concentration levels. 
The distribution of the larvae of Trichoptera is not only influenced by the 
dissolved oxygen content of the water but also by the adaptations of their cases to 
the strength of the current. Three major factors control the distribution of caddis 
fly larvae in the various types of habitat. These are : 
1 .  The movement of the water. 
2. The temperature. 
3. The substratum which is controlled to a certain extent by the movement of 
the water. 
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PLATE 1 .  Cheumatopsyche modica mature larva. 
Cheumatopsyche modica adult male. 
Each division of the scale represents 1 mm. 
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PLATE 2. Cheumatopsyche modica propupa. 
Cheumatopsyche modica pupa. 
Each division of the scale represents 1 mm. 
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PLATE 3 .  Anisocentropus latifascia mature larva and opened case. 
Anisocentropus latifascia pupa, case and lid. 
Each division of the scale represents 1 mm. 
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PLATE 4. Triplectides volda mature larva and case. 
Triplectides volda pupa. 
Each division of the scale represents 1 mm. 
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PLATE 5. Symphitoneuria exigua fourth instar larva and case. 
Symphitoneuria exigua adult male. 
Each division of the scale represents 1 mm. 
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PLATE 6. Symphitoneuria exigua pupa and case. 
Triplectides sp . mature larva and case. 
Each division of the scale represents 1 mm. 
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PLATE 7. Helicopsyche tillyardi third and fourth instar larvae and case. 
Helicopsyche tillyardi pupae and case. 
Each divisi on of the scale represents 1 mm. 
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